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The recent data on pp collisions at 158GeV provide
severe constraints on string models: These measurements
allow for the rst time to determine how color strings are
formed in ultrarelativistic proton-proton collisions.
Recently, the NA49 collaboration has published [1] the
rapidity spectra of p, ,  as well as the corresponding
antibaryons in pp interactions at 158 GeV. These mea-
surements provide new insight into the string formation
process. In the string picture, high energy proton-proton
collisions create excitations in form of strings, being
one dimensional objects which decay into hadrons accord-
ing to longitudinal phase space. This framework is well
conrmed in low energy electron-positron annihilation [2]
where the virtual photon decays into a quark-antiquark
string which breaks up into mesons(M), baryons(B) and
antibaryons(B). An example of a q−q string fragmenting
into hadrons is shown in Fig.1. Proton-proton collisions
are more complicated due to the fact that even at 158
GeV proton-proton collisions is governed by soft physics,
thus pQCD calculations can not be applied. And the
mechanism of string formation is not clear, as will be
discussed in the following.
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Figure 1: e+e− ! γ ! qq. The q− q string fragments into
hadrons.
One may distinguish two classes of string models:
 Longitudinal excitation (LE): UrQMD [3], HIJING
[4], PYTHIA [5], FRITIOF [6];





Figure 2: Two classes of string models for pp collisions are
presented: a) longitudinal excition (LE). b) color exchange
(CE).
In the LE case the two colliding protons excite each other
via a large transfer of momentum between projectile and
target, Fig.2a). In contrast, the CE picture considers a
color exchange between the incoming protons, leaving be-
hind two octet states. Thus, a diquark from the projectile
and a quark from the target, and vice versa, form color
singlets. These are identied with strings, c.f. Fig.2b).
The color exchange is a soft process. The transfer of mo-
mentum is negligible. The nal result, two quark-diquark
strings with valence quarks being their ends, however, is
quite similar.
How are baryons and antibaryons produced? The eas-
iest way to obtain baryons is to break the strings via
quark-antiquark pair production close to the valence di-
quark. Since the ingoing proton was composed of light
quarks(qqq), the resulting baryon is of qqq or qqs type.
Thus nucleons, s or s are formed. Since these baryons
are produced at the string ends, they occur mainly
close to the projectile rapidity or target rapidity (leading
baryons).
Multi-strange baryons which consist of two or three
strange quarks are produced near the quark end or the
middle of the strings, via ss-ss production. Therefore the
distributions of multi-strange baryons are peaked around
1
central rapidity. Thus, the corresponding yields of multi-
strange baryons and their antiparticles should be compa-
rable. A closer look reveals an interesting phenomenon:
Theoretically one nds the ratio of yields:

+
/− = 0.8  1.2 .
Experimentally, however, 
+
s are less frequent than ex-
pected. The ratio at midrapidity is

+
/− = 0.44 0.08.




/Ω− = 1.6  1.9
at midrapidity. From extrapolating  and  results (and
from preliminary NA49 data) we expect
Ω
+
/Ω− = 0.5  0.8 .
It seems impossible to get the Ω
+
/Ω− ratio smaller than
unity from string models. As addressed in [9], this is due
to the fact that the strings have a light quark (but not a
strange quark) at the end, which disfavours multistrange
baryon production.
So is there something fundamentally wrong with string
models? To answer this question we consider a new
approach called Parton-Based Gribov-Regge theory. It
is realised in the Monte Carlo program NEXUS 3 [10].
This model provides a self-consistent quantum mechani-
cal treatment of high energy collisions. It is an eective
theory based on eective elementary interactions. Strings
appear from cutting Pomerons. A Pomeron can be seen
as a (soft) parton ladder, which is attached to projectile
and target via legs. Multiple interactions happen in par-
allel in proton proton collision. The object exchanged
in each elementary interaction is called Pomeron. The








Figure 3: a) A typical collision conguration for pp collisions
has two remnants and some Pomerons which stand for ele-
mentary interactions. Particles are produced from remnant
decay and cut Pomerons. b) Each cut pomeron is regarded
as two strings.
First the collision conguration is determined: i.e. the
number of Pomerons exchanged between the projectile
and target is xed and the initial energy is shared be-
tween the Pomerons and the two remnants, c.f. Fig.3a).
Two kinds of sources to produce particles exist, one is
from remnant decay, the other is from each cut Pomeron.
Hard, semihard and soft contributions are included in
each Pomeron. The cut-o of virtuality between hard
and soft processes, Q20, is independent of the beam en-
ergy. The same formalism is used to calculate the cross
section of each cut Pomeron and of each collision con-
guration. The former serves for the exclusive particle
production, while the latter gives the weight of this col-
lision conguration. Thus energy sharing and particle
production are treated consistently.
Each cut Pomeron is attached to projectile and target
remnant through its two legs. The legs of cut Pomerons
form color singlets, such as qq , qqq or qqq. The proba-
bility of qqq and qqq is controled by the parameter Pqq.
As described above, strings are an intuitive way to under-
stand how particles are produced from each cut Pomeron
[10], each cut Pomeron is regarded as two strings, c.f.
Fig.3b).
All the valence quarks stay in the remnants, wheras the
string ends are represented by sea quarks. It is a natural
idea to take quarks and antiquarks from the sea as string
ends in NEXUS. Because in this way, an arbitary number
of Pomeroms may be involved, all of them being identi-
cal. This point is dierent from the above-mentioned
string models, where the string ends are valence quarks.
Letting all the valence quarks stay in the remnants, com-
plete symmetry concerning quarks and antiquarks at the
string ends is given. This is dierent compared to the old
version of NEXUS applied in [9]. Thus, the strings from
cut Pomerons produce baryons and antibaryons in equal
amounts. Whenever a quark or an antiquark is taken
from the sea as a string end, a corresponding antiparticle
is put in the remnant through the Pomeron leg attach-
ing to it to compensate the avour. Thus the avour
conservation holds in every collision conguration.
The remnants have mass distribution P (m2) /
(m2)−α, m2 2 (m2min, x+s), where s is the squared CMS
energy, mmin is the minum mass of hadrons to be made
from the remnant's quarks and antiquarks, and x+ is the
light-cone momentum fraction of the remnant which is
determined in the collision conguration. The parameter
α we use is 1.5. According to its number of quarks and
antiquarks, a remnant emits mesons, anitbaryons and
baryons until the last one. The last one is considered as
a string if its mass is bigger than a resonance plus a pion.
The most simple and frequent collision conguration has
two remnants and only one cut Pomeron represented by
two q− q strings as in Fig.4a). Besides the three valence
quarks, each remnant has additionally a quarks and an
antiquark to compensate the avours. For a remnant of
such type, rstly a meson consisted of the antiquark and
any of the four quarks is emitted, then the rest part of
the remnant is treated as a baryon or a quark-diquark
string, if the mass is bigger than the baryon and an addi-
tional meson. Thus proton and  get quite strong leading
particle eects (two wings in the rapidity spectra), but
2
antiquarks and multi-strange quarks can not.
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Figure 4: a) The most simple and frequent collision cong-
uration has two remnants and only one cut Pomeron repre-
sented by two q−q strings. Besides the three valence quarks,
each remnant has additionally a quarks and an antiquark to
compensate the avour. b) One of the q string-ends can be
replaced by a qq string-end. c) With the same probability,
one of the q string-ends can be replaced by a qq string-end.
To compensate the avour, one of the remnants now has six
quarks. It decays into two baryons.
The leg of a cut Pomeron may be of qqq type with
small probability Pqq (the mean multiplicity increases
with Pqq), which means the corresponding string ends are
a diquark and a quark. In this way we get quark-diquark
(q-qq) strings from cut Pomerons. The qqq Pomeron
leg has to be compensated by the three corresponding
antiquarks in the remnants, as in Fig.4b). The (3q3q)
remnant may decay into three mesons(3M) or a baryon
and an antibaryon (B+B). Since the 3M mode is favored
by phase space, we neglect B+B production here.
For symmetry reasons, the leg of a cut Pomeron is of
qqq type with the same probability Pqq. This yields a
q − qq string and a (6q) remnant, as shown in Fig.4c).
The (6q) remnant decays into two baryons. Since q-qq
strings and q − qq strings have the same probability to
appear from cut Pomeron, baryons and antibaryons are
produced equally by cut Pomerons. However, from rem-
nant decay, baryon production is favored due to the ini-
tial valence quarks.
Fig.5 depicts the rapidity spectra of baryons and an-
tibaryons from NEXUS 3.0 with Pqq = 0.02 (black solid
lines). As a comparison, we also show the results from
Pythia 6.2 simulations [5] (grey solid lines), and the pre-
liminary data from the NA49 experiment [1] (points). In
NEXUS 3.0, particles are produced by two sources: rem-
nants (dotted lines) and cut Pomerons (dashed lines).
Fig.5 demonstrates that NEXUS 3.0 describes reasonably
the rapidity spectra of baryons and antibaryons in pp col-
lision at 158 GeV.
We also provide the particle yields at midrapidity, y 2
(ycm − 0.5 , ycm + 0.5), from NEXUS 3.0, Pythia 6.2 and
compare them to data in table 1.
From NEXUS 3.0, we get the ratios at midrapidity

+
/− = 0.56 , Ω
+
/Ω− = 0.71 .
In conclusion, it seems that old string models fail to





yield NEXUS 3.0 Pythia 6.2 NA49 data
p 1.0110−1 4.8510−2 9.2810−2
p 2.1410−2 1.6410−2 2.0510−2
 1.6510−2 7.5310−3 1.7910−2
 5.8610−3 4.0210−3 5.5710−3








Table 1: particle yields at midrapidity in pp collisions at
158 GeV.
so far. The string formation mechanism as employed
in NEXUS 3.0 is able to reproduce the experimental
data nicely. The rapidity distributions of multi-strange
baryons as well as s and protons can be understood.
The main point is the fact that the nal result of a
proton-proton scattering is a system of projectile and tar-
get remnant and in addition (at least) two strings. All the
valence avour remains in the remnants, the string ends
are composed of quarks and antiquarks from the sea only,
with complete quark-antiquark symmetry. The present
data does not seem to support the picture of having two
strings only emerging from a proton-proton collision.
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 p+p at 158 GeV → Ω- +  neXus 3. 0
Figure 5: Rapidity spectra of baryons and antibaryons calculated from NEXUS 3.0 (remnant contribu-
tion:black dotted lines; Pomeron contribution: black dashed lines; sum: black solid lines), Pythia 6.2 (grey
solid line) and NA49 experiment (points).
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